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This invention relates to aircraft, and relates more 
particularly to aircraft capable of vertical ascent and 
descent during takeoff and landing and of high altitude 
flight at supersonic velocities. It is a general object of 
this invention to provide vertical rising and descending 
aircraft characterized by their unique aerodynamically 
efficient design and by a propelling system for producing 
safe, efficient, supersonic, long range flight. The aircraft 
of the invention is designed not oniy for vertical ascent 
and descent to facilitate landing and taking off at small 
fields or landing areas but also for long range flight at 
a Mach number of, say, 4, and at altitudes in the region 
of 100,000 ft. 

The application is a division of my copending applica- 
tion Serial Number 332,957, filed January 23, 1953, en- 
titled “High Velocity High Altitude Aircraft.” 

Another object of the invention is to provide aircraft 
of circular plan-form and of bi-convex vertical cross sec- 
tion which may be devoid of the conventional fuselage, 
wings, and empennage. The circular plan-form airplane 
of the invention has spherical has spherical convex upper 
and lower skin surfaces constituting the major surface 
areas of the airplane. This simple structure or design has 
many inherent advantages and features. It: 

(1) Is an inherently rigid, strong structure having greater 
resistance to bending and torsional moments than other 
airborne configurations; 

(2) Provides for a more uniform weight distribution over 
the lifting surface than other aircraft configurations; 

(3) Allows a more uniform distribution of landing forces 
into the airplane structure and due to its circular plan- 
form permits the employment of any selected or re- 
quired number of landing struts; 

(4) Is not subject to flutter or to damage by gusts; 

(5) Is structurally efficient in containing internal cabin 
pressures, fuel and other internal loads by reason of 
the spherical convex upper and lower skin surfaces 
joined one to the other at the circular periphery of 
the craft; 

(6) Operates to effectively or uniformly distribute the 
thermal stresses and deformations resulting from high 
Mach number flight; 

(7) Permits the positioning or concentrating of the use- 
ful loads in concentric relation to the center of gravity 
and geometric center of the structure and the disposi- 
tion of the fuel loads in balanced or concentric relation 
to the center of gravity and geometric center; 

(8) _ Is stable during vertical ascent and descent due to its 
circular plan-form; 

(9) Provides a maximum volumetric capacity for the pay 
loads and fuel; 

(10) Is simple and inexpensive to construct owing to its 
simple regular configuration and because many of its 
parts may be of like or identical size and shape; 

(11) Occupies a minimum of field or floor space when 
not in flight due to its inherent compactness; 

(12) Is inherentiy aerodynamically efficient, having a 
good L/D ratio and presents a substantially continu- 
ous unbroken peripheral edge (leading and trailing 
edges) and a smooth profile offering a minimum of 
skin friction drag; and 


(1j) May land and takeoff from any medium, being 
stable even on rough water. 

These and other considerations and advantages all result 
from the simple compact circular plan-form airframe of 
5 bi-convex cross section. 

Another object of the invention is to provide an aircraft 
of this^ character having a diametrically extending thin 
plate airfoil region or portion containing in part the pri- 
mary propulsive mechanism or means, this thin plate 
10 airfoil constituting only a relatively small portion of the 
total airfoil and yet assisting in producing aerodynamic 
lift with a minimum of drag. 

Another object of the invention is to provide an air- 
craft of the cnaracter above referred to which employs 
15 a low boiling point fuel, such as butane or propane as the 
fuel and retrigerant. Such fuels have approximately 15% 
more energy value than conventional aircraft fuels but 
are much less dense, thereby requiring considerably greater 
tank space or volume. The circular plan-form bi-convex 
20 airplane of the invention supplies this necessary fuel 
storage volume and contains the low boiling point fuel 
in such a manner that it effectively cools the skin and 
assists in protecting the passenger and cargo compart- 
ments against excessively high temperatures. The low 
25 boiling point fuel through vaporization of even only one- 
third of the total fuel carried absorbs in the neighborhood 
of 1 million B.t.u. per hour, thereby bringing the skin 
temperatures into equilibrium at a substantially lower 
value. Thus the configuration of the airframe or body 
30 and the type of propulsive fuel and its mode of storage 
mutually contribute to the cooling of the skin and pro- 
vide storage regions of ample volume for the low den- 
sity fuel. 

Another object is to provide aircraft of this kind having 
35 a safe dependable propulsive system wherein operational 
failure of certain of its components will not endanger the 
craft or its occupants. The load turbines which incorpo- 
rate the high velocity rotors of the system are so positioned 
that the planes of rotation of these rotors do not in any 
40 instance intersect the passenger compartment or vital por- 
tions of the craft while in translational flight. Accord- 
ingly, failure or bursting of a rotor will not endanger 
the occupants of the craft. 

Another object of the invention is to provide an air- 
4o craft of this kind wherein the variable inlet and the con- 
trollable outlet or nozzle of the main duct are generally 
rectangular and are elongated spanwise of the circular 
craft to best conform with its thin periphery. The elon- 
gated inlet and outlet contribute to the desirable thin cen- 
50 tral airfoil region and reduce wake losses. The main 
propulsive duct is diametric of the circular airfoil or body 
so that there is ample length for the propulsive mechanism 
in the circumference of the body and therefore no need 
r _ to extend or project either the ram inlet or the nozzle from 
00 the periphery of the circular craft. 

A further object is to provide a circular pian-form 
aircraft as described characterized by the bi-convex skin 
surfaces capable of carrying substantial internal pres- 
6Q sures and by simple yet strong and effective passenger, 
cargo and fuel compartmentation. The cabin is sur- 
rounded by a circular wall or bulkhead extending be- 
tween the upper and lower convex skin structures, this 
bulkhead together with the skin structures providing or 
g- constituting the fuel tanks or compartments and there 
are circumferentially spaced radial baffles in the fuel 
compartments secured to the skins and the circular bulk- 
head. This internal structure, including, of course, minor 
local stiffening ribs, etc., is so strong and rigid as to 
70 readily withstand all aerodynamically induced vibration 
lOrcss as well as all other operational loads and forces. 
Other objectives and features will become apparent 



3,066,890 


from the following detailed description of typical pre- 
ferred embodiments of the invention throughout which 
reference will be made to the accompanying drawings, 
wherein: 

FIGURE 1 is a rear elevational view of an aircraft 5 
of the invention; 

FIGURE 2 is a plan view of the aircraft with a por- 
tion broken away to illustrate the internal structure; 

FIGURE 3 is a front elevation of the craft; 

FIGURE 4 is an edge or side elevation of the craft jq 
with broken lines illustrating the propulsive island in a 
vertical position to produce vertical thrust for ascent 
or descent; 

FIGURE 5 is a transverse sectional view taken sub- 
stantially as indicated by line 5 — S on FIGURE 2 and 15 
illustrating the landing shuts and the tip portions in 
elevation; 

FIGURE 6 is a fragmentary plan view of another air- 
craft of the invention with a portion broken away to 
illustrate one of the tip nozzles; 20 

FIGURE 7 is an enlarged fragmentary vertical sec- 
tional view taken as indicated by lines 7 — 7 on FIGURE 
2 showing one of the fuel compartments and a portion 
of the fueling means; and 

FIGURE 8 is an enlarged fragmentary sectional view 25 
taken as indicated by line 8—8 on FIGURE 7. 

The aircraft of the invention as illustrated in FIG- 
URES 1 through 5, 7 and 8, includes an airframe, air- 
foil or body 10, which I will usually hereinafter refer 
to as the body, of circular plan-form. As best illustrated 30 
in FIGURE 2, the body 10 has a periphery 11 which is 
preferably concentric with an axis 12 which may con- 
stitute the center of gravity and the geometric center of 
the airplane. This periphery 11 is continuous and un- 
broken except for minor interruptions at the inlet and 35 
outlets of the propulsive system, to be subsequently de- 
scribed, and as seen in FIGURES 1, 3, 4 and 5, it is 
quite sharp to have good aerodynamic characteristics 
and to minimize the frontal area of the craft. In accord- 
ance with the invention the upper and lower surfaces or 40 
skins 13 and 14 of the airplane are convex and are 
preferably spherically convex, being in the nature of two 
like opposing spheroidal segments having their bases or 
chords coincident and joining at the plane of the periph- 
eral edge 11. These spherical convex surfaces or skins 45 

13 and 14 are smooth and regular to offer a minimum 
of drag and join at the circumferential edge 11 (leading 
and trailing edge) which itself is sharp and aerodynam- 
ically efficient. As briefly mentioned above, the body 

10 has a diametric airfoil-rear region which is defined gg 
by a rather broad yet shallow rib portion 15 extending 
completely diametrically across the underside of the body 
10 and a similar shallow rib portion 16 at the upper side 
of the body extending from adjacent the center thereof 
to its trailing edge. The lower side of the lower rib gg 
portion 15 is fiat and substantially parallel with the plane 
occupied by the peripheral edge 11 and in a like manner 
the surface of the upper rib portion 16 is flat and parallel 
with the same plane. The primary purpose of the rib 
portion is to provide ample space within the aircraft for gg 
elements of the propulsive system, to be later described, 
although the rib portion constitutes a thin plate airfoil 
which assists in providing aerodynamic lift for the air- 
plane. In practice, the rib portions 15 and 16 need not 
be very thick and may die into the contours of the skins gj 

14 and 13 adjacent the center of the craft. The sides 
or edges of the rib portions 15 and 16, which extend 
chord-wise of the body 16, are faired into the skins 14 
and 13 respectively. However, where the portions 15 
and 16 extend fore and aft along the fore and aft axis n 
of the craft, they constitute a rib which serves as a ver- 
tical stabilizer for the airplane. The surfaces or skins 

13 and 14, the skins of the rib portions 15 and 16, the 
peripheral edge 11, and other exposed parts of the air- 
plane such as fairings, etc. are preferably constructed of 71 
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stainless steel or other material capable of retaining ade- 
quate strength when subjected to the high temperatures 
developed during the muiti-Mach number flight program. 

The airframe 10, as just described, is inherently capable 
by reason of its geometrical configuration of withstand- 
ing heavy stresses and loads and the invention provides 
a simple yet strong internal structure for reinforcing the 
airframe and for assuming major structural and func- 
tional loads. A pressure bulkhead 17, curved in both 
plan-form and radial planes is provided in the body 10 
and extends between and is secured to the upper and 
lower skins 13 and 14. The bulkhead 17 is concentric 
with the axis 12 and may be substantially vertical. A 
large diametered propulsive air duct 18 extends diamet- 
rically through the body 10 and intersects the circular 
bulkhead 17 to divide the space encircled thereby into 
two main passenger and/ or cargo compartments 20. The 
duct 18, which will later be described in connection with 
the propulsive system, extends fore and aft and is coaxial 
with the rib portions 15 and 16 above described. As 
the duct 18 interrupts the bulkhead 17 and divides the 
bulkhead into two sections, there are walls 24 adjacent 
to and parallel with the duct for connecting the ends of 
their respective partially circular bulkhead portions. The 
main compartments 20 which may or may not be inter- 
connecting depending upon the relative diameter of the 
air duct 18, are shown in the drawings as passenger com- 
partments, being provided with rows of aft facing seats 
31. The compartments 20 may, in practice, be defined 
by portions of the above mentioned walls 24 and by 
partitions 21, 22 and 23. The bulkheads or partitions 
21, 22 and 23, together with the walls 24, define gen- 
erally rectangular passenger compartments 20 and as the. 
bulkhead 17 is circular, marginal compartments 25, 26 
and 27 remain forward, aft and outboard of the main 
compartments. 

The forward compartments 25 may constitute the pilot 
and crew areas, the outboard compartments 26 may be 
used to carry luggage, mail, cargo, etc. and the aft com- 
partments 27 may be restrooms or toilets. The various 
compartments, just described, may be interconnecting. 
Entrances or hatchways 28 in the upper and lower skins 

13 and 14 lead to the main compartments 20 and are 
equipped with sealed hatches or closures 30 capable of 
withstanding substantial pressure differentials. The vari- 
ous partitions and walls and particularly the bulkhead 17 
and its wall portions 24 may be structural load assuming 
elements secured to one another and to the skins 13 and 

14 to constitute a strong internal assembly or structure. 

As briefly noted above, the regions or areas of the 

circular plan-form bi-convex body 10 around the pas- 
senger and load carrying compartments serve as fuel 
tanks or fuel cells which I have designated 32. The fuel 
tanks or cells 32 are bounded or defined by the skins 13 
and 14, the bulkhead 17 and chord-wise walls or bulk- 
heads 34 extending from the bulkhead 17 to the periphery 
II adjacent and generally parallel to the main air duct 
18. I prefer to provide the fuel cells 32 with multiplicities 
of circumferentially spaced radially disposed internal baf- 
: fles or bulkheads 35 and spaced circumferential or circu- 
lar bulkheads 36. These bulkheads 35 and 36 which ex- 
tend between the skins 13 and 14 and which are attached 
to the skins materially increase the strength and rigidity 
of the structure. The bulkheads 35 and 36 are perforated, 

. having openings 29 and 39 respectively (see FIGURE 7),, 
so that the various regions or areas of the individual fuel 
cells 32 are in communication. It is to be noted that the 
fuel in the cells 32 is in heat absorbing or heat transfer 
relation to the major portions of the skins 13 and 14 and 
j the bulkhead 17 and thus serves as a refrigerant to reduce 
the temperature of the skins and to protect the passenger 
and cargo compartments 20, 25, 26 and 27 against exces- 
sively high temperatures. The cooling or refrigerating 
action of the fuel and the refrigerating system will be, 
5 more fully described hereinafter. 
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Special provision is made to supply or fill the fuel cells 
32 with the low pressure fuel. Because butane, propane, 
and like fuels vaporize readily at normal ground tempera- 
tures, it is necessary to continuously withdraw vaporized 
fuel from the cells or tanks 32 as the cells are filled with 
liquid fuel and until the craft takes off. For this purpose 
the lower wall or skin 14 of each fuel cells 32 has two 
fuel conduits or fittings 37 and 38 (see FIGURE 7 and 8), 
the fitting 37 serving to discharge liquid fuel into the cell 
and the fitting 38 being adapted to bleed off fuel vapor 
from its respective cell. The fittings 38 have stand pipes 
4© extending upwardly to adjacent the tops of the cells 
32 to receive the fuel vapor. When refueling the air- 
plane and until ascent has been initiated, pipes or hoses 
41 are connected with the fittings 37 to supply liquid fuel 
to the cells and similar hoses 42 are connected with the 
fittings 38 to draw or carry away the fuel vapor. The 
fittings 37 and their related hoses 41 and the fittings 38 
and their related hoses 42 may have identical detachable 
connections and valve means and while I will specifically 
describe the detachable connections and the valve means 
of the fittings 38 and their pipes or hoses 42, it is to be 
understood that this description is equally applicable to 
the corresponding connections and valve means of the 
fittings 37 and their pipes 41. As shown in FIGURE 8, 
the hoses or pipes 42 have spring clips 43, or the equiva- 
lent, detachably engaged with shoulders 44 on the fittings 
38 to hold them in communicating connection with the 
fittings. Seal rings 47 are engaged between the fittings 
38 and the hoses or pipes 42 to prevent the leakage of the 
vapor or fuel. The fittings 38 and the hoses or pipes 42 
have opposing poppet valves 45 and 46, respectively, 
spring urged to closed positions. The relationship of the 
valves 45 and 46 is such that so long as the pipes 42 re- 
main coupled with the fittings 38 the valves cooperate 
with one another to be held in the open positions where 
the fuel vapor is free to flow out through the hoses or 
pipes 42. The pipes 42 are connected with an absorption 
pump (not shown) for drawing away the fuel vapor and 
the hoses or pipes 42 are connected with a source or 
sources of the liquid fuel under pressure so as to deliver 
the liquid fuel to the cells 32 of the airplane. Preparatory 
to takeoff and so long as the aircraft remains on the 
ground or field, liquid fuel is pumped in through the 
hoses or pipes 41 and the vaporized fuel is withdrawn 
through the hoses or pipes 42. When the aircraft rises 
vertically from the field or ground, the spring clips 43 
snap out of engagement with their shoulders 44 allowing 
the fittings 37 and 38 to move upwardly out of engage- 
ment with their respective pipes 41 and 42. When this 
occurs the valves 45 and 46 automatically close to retain 
the liquid fuel and the vaporized fuel within the fuel cells 
32 of the airplane and to avoid the spilling or leakage of 
the fuel from the hoses or pipes 41 and 42. 

It is to be observed that the circular plan-form bi- 
convex aircraft body 10 provided with the partly circular 
fuel cells 32 has a large aggregate volumetric fuel storage 
capacity. This well adapts the craft for the utilization of 
butane or propane which have approximately 15% greater 
energy value than conventional aircraft fuels on a weight 
basis but are far less dense and, therefore, require large 
capacity storage space for comparable ranges of flight. 
By making the bulkhead 17 of less diameter the fuel' ca- 
pacity of the cells 32 may be greatly increased to extend 
the operational range of the craft. This is indicated and 
practical in the case of military craft where the personnel 
and the payload areas or compartments may be quite 
small. Furthermore, for military craft it may be desirable 
to use liquid hydrogen as the propulsive fuel to materially 
extend the operational range. Liquid hydrogen has a 
very low density (.086) with a boiling point density of 
0.070 and on a volume per heat content basis requires 
approximately tnree times as much space as gasoline. 
However, for pilotless military aircraft and military air- 
craft carrying one or two men, the body 10 is such that 


it may be readily compartmented to contain ample liquid 
hydrogen as its fuel for a non-stop flight of, say, 7,500 
miles. Such liquid hydrogen could well be supplied to 
or pumped into the fuel cells 32 in the same manner as 
5 the other fuels. 

The lower boiling points fuels are especially well adapted 
for cooling the passenger and payload compartments and 
other critical regions of the aircraft and greatly reduce 
the temperature of the skin. Butane has a boiling point 
10 under 33° F. and propane has a boiling point of —45° F. 
Such fuels and the vapor therefrom in contact with the 
inner surfaces of the skins 13 and 14 prevent the skins 
from being excessively heated by the aerodynamically 
induced heat. Assuming the body 1© has a diameter 
15 of 50 ft. and that the craft is operated at a speed of Mach 
number 4 at an altitude of 100,000 ft. it is calculated that 
the temperature of the skins unless provision is made for 
cooling it, would reach 1139° F. However, the skins 13 
and 14 preferably has their outer surfaces chemically 
20 'Oxidized black, or otherwise treated, or coated to have 
a heat emissivity of approximately 0.95. This high emis- 
sivity will result in radiation of a substantial amount of 
heat energy into space. Although the emissivity of a sur- 
face is numerically equal to its absorptivity there is a 
25 distinct and novel advantage in providing the skins 13 and 
14 of the airplane of this invention with external surfaces 
having high emissivity. The heat input to the skins 13 
and 14 as a result of the frictional drag and the airplane 
speed is considerable. On the other hand, solar radiation 
30 will tend to increase the skin temperature to only a very 
minor extent. It is estimated that the aerodynamically 
induced heat input to the skin will be approximately thirty 
times as much as the heat induced by solar radiation. 
Accordingly, the skin surfaces of high emissivity and cor- 
35 respondingly high absorptivity have the net effect of emit- 
ting many times as much heat energy as they are capable 
of absorbing and the surfaces of high emissivity function 
as effective heat dissipating elements of the cooling or 
refrigerating means of the invention. Additionally, the 
40 heat energy required to vaporize approximately 30% of 
the low boiling point fuel during the flight program is 
substantial, being in the neighborhood of 1 million B.t.u. 
per hour under the above assumed conditions. Thus it 
is calculated that the skin temperatures under the above 
45 conditions will come into equilibrium at about 940° F. 
lhe stainless steel skins 14 and 13 maintain their struc- 
tural integrity at such a temperature and the internal 
structure adjacent thereto is not adversely affected at 
such a temperature. The material reduction in the tem- 
50 perature of the skins of the aircraft has the effect of in- 
creasing the efficiency and range of the craft. The reduc- 
tion in skin temperature proportionately reduces the vis- 
cosity of the boundary layer air and therefore increases 
the aerodynamic efficiency of the circular plan-form bi- 
gg convex airfoil or craft. 

The invention provides effective thermal insulation at 
the inner surfaces of the skins 13 and 14 at the bulkheads 
17, walls 24, bulkheads 34, and other walls, bulkheads, 
etc. where necessary or desirable to thermally insulate the 
60 internal structure and the passenger and payload areas 
of the aircraft, it being observed that the fuel cells 32 con- 
taining the low boiling point fuel and its vapor substan- 
tially surround the passenger and payload compartments 
20, 25, 26 and 27. The fuel cells 32 and their contents 
6 g thus form effective thermal barriers protecting the pas- 
senger and payload regions. FIGURE 8 shows a form 
of insulation that may be used on the skins 13 and 14 
and the several bulkheads, walls, etc. The insulation, as 
illustrated, is provided on the inner surface of the skin 14, 
70 is being understood that it is equally applicable to the 
other insulated areas and regions. The insulation includes 
Alfoil blankets 48 which are comprised of pluralities 
of corrugated or crinkled aluminum or other metal foil 
sheets arranged and related so that there are multiplici- 
75 ties of air spaces betwen the adjacent foil sheets. Such 
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insulation has a very low apparent density and a low k 
factor and is therefore well adapted for this application. 
However, other appropriate thermal insulation or insulat- 
ing materials may be use if desired. The blankets 48 of 
metal foil are engaged on or fixed to the inner side of the 
skin 14. In order to retain the rather loosely arranged 
blankets 48, I provide metal mesh, screens or the like, 
51 to extend across the blankets 48. Immersion of this 
type of insulation, either temporarily or permanently, 
in the fuel and/or fuel vapor of the cells 32 does not im- 
pair the insulating qualities although it may alter the k 
factor while the insulation is immersed, depending upon 
the proportion of fuel vapor between the layers. The 
foil of the insulating blankets 48 is preferably polished 
or bright to be most efficient in reflecting radiant energy 
under practically all conditions. 

In accordance with the broader aspects of my invention 
any suitable or selected type of alighting or landing gear 
may be employed. In the drawings, and more particu- 
larly in FIGURES 2 and 5, I have shown a plurality of 
spaced generally vertical shock absorbing struts 53 pro- 
jectable from the underside of the body 10. The retract- 
able struts 53 may be of the oleo type and are preferably 
arranged for vertical retraction into relatively small spaces 
or compartments 54 at the bulkhead 17 and adjacent the 
adjoining corners of the above described compartments 
20, 26 and 27. In this connection it is to be observed 
that the landing gear struts 53 may readily be anchored 
or attached to the body 10 at regions where the landing 
loads may be transmitted directly to the strong rigid 
internal structure of the craft and that by reason of the 
circular configuration of the body 10 and the circular 
arrangement of its bulkhead 17 and other structural parts 
any selected or required number of the struts 53 may be 
installed in practically any required pattern or relation- 
ship. The lower ends of the landing struts 53 may be 
equipped with wheels, pads, or the like. In the drawings 
I have shown pads 55 on the struts 53 of such a nature 
that they may lie substantially flush with the surfaces of 
the lower skin 14, when the struts are retracted, so as to 
offer little or no aerodynamic drag. 

It is contemplated that translational flight will usually 
be at such great altitude that visual observation by the 
passengers will be of minor consequence and there is no 
real necessity for the provision of windows, or the like, 
in the passenger compartment 20. It is also contemplated 
that the flight of the craft will be controlled by a remotely 
controlled automatic pilot means thus reducing the flight 
personnel to a minimum. However, to facilitate pilot 
controlled landings, maneuvers during emergencies, etc. 
either one or both of the pilot compartments 25 is pro- 
vided with a periscope 64, shown in a general way in 
FIGURE 2. 

The propulsive system of the aircraft illustrated in 
FIGURES 1 to 5 inclusive may be said to comprise, gen- 
erally, a ducted compressor 65 capable of angular adjust- 
ment or movement to produce vertical lift and transla- 
tional propulsion, upper and lower load turbo power- 
plants 66 and 67 for driving the compressor 65 and for 
producing propulsive and directional thrust, a variable 
ram or air inlet 71 for the ducted compressor 65 and ram 
jet means 70, a variable area and directional outlet or 
propulsive nozzle 72 for the ducted compressor and ram 
jet means, and various other parts and mechanisms asso- 
ciated with these primary propulsive elements. 

The ducted compressor 65 is preferably located at 
or adjacent the geometric center of the circular plan- 
form airframe or body 10 and is pivotally mounted to 
be movable about a spanwise and preferably diametric 
axis so as to be turned to a vertical or generally verti- 
cal position during the vertical ascent and descent of the 
craft and to be brought to a position coaxial with the 
abovementioned fore and aft duct 18 and during trans- 
lational flight of the craft. The main air duct 18 ex- 
tends diametrically through the circular body 1®, as 
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above described, and is provided at its forward end with 
the variable area inlet 71 and at its aft end with the 
variable area and directional nozzle 72. The major 
portion of the duct 18 is preferably cylindrical although 
5 its end portions are horizontally elongated, as will be 
more fully described in connection with the inlet 71 and 
the outlet or nozzle 72. The airframe or body 1C has 
a central vertical opening 73 which intersects the duct 
18 and the propulsive compressor 65 is housed or car- 
lo ried in a structure 74 which I will term an “island.” 
This island 74 is journaled at the vertical opening 73 to 
be movable or turnable therein about a horizontal span- 
wise axis. The island 74 may be a generally rectangular 
structure to fit between the walls 24 of the compart- 
15 ments 2@ with suitable clearance, and has upper and 
lower walls which are generally flush with the upper 
and lower sides of the rib portions 15 and 16 of the 
body IB when the island is in the horizontal position. 
The island 74 is tubular or provided with a through 
20 duct 79 to register with, and in effect form a part o c , the 
propulsive duct IS when the island is in the generally 
horizontal position. 

The island 74 is supported for angular movement 
about the spanwise axis on tubular trunnions 82 pro- 
25 jecting from the opposite sides of the island and jour- 
naled on the walls 24. The trunnions 82 are tubular 
for the reasons to be later described. The ducted com- 
pressor 65 is of the supersonic class insofar as the rela- 
tive velocity of entrained air against the blading is ccn- 
30 cerned and carries a row of supersonic blades 88. The 
supersonic compressor 65 is adjacent and slight y for- 
ward of the axis of angular movement of the island 74 
and the geometric center of the airframe or body 10. 

In order to facilitate a better understanding cf the 
35 invention the following data is given of a typical installa- 
tion or embodiment wherein the airframe or body 10 
is assumed to be 50 ft. in diameter and the craft is as- 
sumed to have a gross loaded weight of about 55,000 
pounds. In such a case the diameter of the ducted 
40 compressor 65 will be 6 ft. and the speed of rotation cf 
the compression rotor will not exceed 3700 r.p.m., which 
is equivalent to the comparatively conservative top speed 
of 1200 feet per second, precluding the possibility of 
the rotor bursting. The compression ratio of the ducted 
43 compressor 65 will be 1.89 to 1 and the total weight 
flow of air through the ducts will be 770 pounds per 
second. It is to be understood that these figures are 
merely illustrative and, of course, will vary in different 
applications and aircraft. 

30 The load turbo powerplants 66 and 67 serve to assist 
in driving or rotating the ducted compressor 65 and 
themselves produce propulsive gas streams or jets. The 
powerplants 66 and 67 are provided or arranged at a 
vertical axis which intersects the axis of rotation of the 
33 ducted compressor at or adjacent the geometric center 
12 of the craft. The powerplants 66 and 67 are car- 
ried by the island 74 and are arranged on the upper 
and lower sides respectively of the is 1 and, assuming the 
island to be in the full line position illustrated through- 
03 out the drawings. The powerplants 66 and 67 are super- 
charged by the ducted compressor 65 and serve to drive 
the compressor through a transmission means as de- 
scribed in my application Serial Number 332,957, iden- 
tified above, which describes and claims the propulsive 
05 system or means of the airplane including the island 74, 
the propulsive means carried by the island, the means 
for moving the island between the full line and broken 
line positions of FIGURES 4 and 5, the fuel supply and 
burner means and the other elements of the overall 
70 propulsicn system. 

The tip or outboard powerplants 68 and 69, which 
are fully described in my application Serial Number 
332,957, are provided to assist in driving the ducted 
compressor 65, to produce propulsive jets, and they are 
75 controllable to provide for or to assist in the steering or 
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directional control of the craft. The turbo jet load 
powerplants 68 and 69 are positioned on the periphery 
of the circular plan-form airframe or body 10 on a 
common diametric axis which intersects the axis of ro- 
tation of the ducted compressor 65 and the longitudinal 
axis of the ducts 18 and 79 at or adjacent the geo- 
metric center 12 of the body 10. In the aircraft illustrated 
where the periphery of the body 10 is sharp or thin, I 
provide streamlined enlargements or pods 124 at the 
outboard edges or “tips” of the body to contain the 
powerplants 68 and 69 and their auxiliaries and con- 
trols. These pods 124 may be designed or shaped to 
reduce the vortices losses at the margins or tips of the 
craft. 

Like the inboard load powerplants 66 and 67, the 
outboard or tip turbo powerplants 68 and 69 are super- 
charged by the ducted compressor 65, receiving com- 
pressed air from the compressor and further compressing 
it before it reaches their respective combustion zones. 
Tunnels or tubes 130 of substantial capacity which ex- 
tend radially outward through the compartments 20 and 
21 and the fuel cells 32 conduct the compressed air 
from the compressor to the outboard powerplants 68 
and 69. The powerplants 68 and 69 are carried for 
angular movement about a spanwise or diametric axis 
which intersects the fore and aft axis of the body 10 
at the geometric center 12 of the body. The tip or out- 
board turbo load powerplants 68 and 69 are drivingly 
connected with the ducted compressor by shafts (not 
shown) extending outwardly through the tubes 130 and 
drivingly connected v/ith the compressor by a transmis- 
sion means. 

The load turbo powerplants 66, 67, 68 and 69 are 
arranged and located in such a fashion that explosion 
or bursting of any of them during flight will not en- 
danger the occupants or any critical portions of the 
craft, the rotors of the powerplants 66 and 67 being 
arranged to rotate in planes parallel with and spaced 
above and below the airframe proper and remote from 
the passenger compartments and fuel cells 32 and the 
rotors of the outboard load powerplants 68 and 69 
being arranged to rotate in planes far remote from and 
parallel with the side walls 24 of the occupied compart- 
ments and outboard from the fuel cells 32 and the pe- 
riphery of the airframe. 

As mentioned above, the island 74 carrying the ducted 
compressor 65 is pivotally movable about the spanwise 
axis of the airframe or body 10 between the position 
when its air duct 79 is aligned with and in register with 
the main air duct 18 of the body 10 for translational 
flight and the position where the island duct 79 is vertical 
or substantially normal to the duct 18 for generally ver- 
tical takeofi and landing. 

The present specification is not primarily concerned with 
the details of the propulsive system such as the means for 
moving the island 74, the controls and fuel systems for 
the powerplants 66, 67, 68 and 69, the fuel injector or 
combustor means for introducing fuel downstream from 
the compressor 65, the means for controlling or direct- 
ing the jet streams from the powerplants 68 and 69, and 
like features, since these and the other elements of the 
propulsive system are fully described in my copending 
application Serial Number 332,957. However, it may be 
noted that fuel or fuel vapor is led from the upper 
portions of the fuel cells by pipes 373 for consumption 
by the propulsive system. These pipes 373, which are 
controlled by valves 374, extend along the walls of the 
passenger compartments 2® so that the fuel vapor assists 
in refrigerating the compartments. Other pipes 185, 
lead from the lower portions of the fuel cells to the pro- 
pulsive system or propulsive components. 

The inlet 71 of the main propulsive air duct 18 is in 
the nature of a supersonic variable ram inlet. The for- 
ward or inlet end portion of the duct 18 is elongated 
in the spanwise direction, the forward portion of the duct 
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flaring forwardly and spanwise while at the same time 
being reduced in its vertical dimension to terminate 
at a rectangular forward opening 197, see FIGURES 
2 and 3. The opening 197 is in the lower rib portion 15 
5 being below the periphery 11 of the body 10, and has 
generally straight horizontal and vertical margins at 
its forward terminus. It should be noted that the elon- 
gate entrance of the opening 97 conforms generally with 
the thin forward edge or periphery of the body 10 to 
10 keep the frontal area of the craft at a minimum. The 
ram inlet 71 is of variable area, having an island 202 of 
variable volume or variable cross section. The main 
propulsive jet nozzle 72 at the aft end of the main duct 

18 automatically changes from a subsonic nozzle to a 
15 supersonic nozzle and vice versa in accordance with the 

flow conditions of the discharging air and gas jet, incor- 
porates variable direction features to obtain pitching trim, 
and is operable as an air brake to reduce the velocity of 
flight under certain conditions. The variable area inlet 
20 71 and the variable propulsive nozzle 72 are more fully 
described in my copending application Serial N um ber 
332,957, identified above. 

FIGURE 6 illustrates another aircraft of the invention 
characterized by turbo-propeller powerplant 400 serving 
25 as the primary propulsive means. In this aircraft the 
body 10, the duct 18, the ram inlet 71, the propulsive 
nozzle 72, and the various other parts may be the same 
as in the above described embodiment of the invention. 
The central island 474 is substantially the same as the 
30 island 74, however, it is shaped and proportioned to con- 
tain the powerplant 409. The island 474 is arranged to 
be turned or pivoted on the spanwise axis of the body 

19 and the trunnions or means for pivotally supporting 
the island also serve to supply compressed air from the 

35 powerplant to lateral ducts 430 which carry the air out- 
board to directional nozzles 42®. These nozzles 420, 
which are movable in curved slots 401 in the periphery 
of the body 10, are rotated or pivoted by reversible elec- 
tric motors 440 acting through suitable rack and pinion 
40 means 437 associated with the nozzles. The powerplant 
400 may be cf the type disclosed in my earlier Patents 
2,563,270 issued August 7, 1951, and 2,575,682 issued 
November 20, 1951. The powerplant 400 has a propel- 
ler or compressor means 414 in the tubular island 474 
45 and is a turbo-powerplant serving to drive the compressor 
means and to discharge a propulsive jet rearwardly 
through the duct 18. The propeller or compressor means 
414 serves to compress air in the duct system to super- 
charge the turbo engine and to increase the pressure of 
50 the air discharging through the duct 18 and nozzle 72. 
The rammed air in the duct 18 supercharged or further 
compressed by the compressor 414 is also directed to 
the directional propulsive nozzles 420 at the periphery of 
the body 10. For vertical ascent and descent of the air- 
55 craft the island 474 is swung to a vertical position where 
it discharges the propulsive jet downwardly and the out- 
board nozzles 420 are likewise turned to face down- 
wardly to produce upward or lifting thrusts. For transla- 
tional flight the island 474 is brought to the horizontal 
60 or normal position where its propulsive jet stream flows 
aft through the main propulsive duct and the outboard 
nozzles 420 are also turned to face aft to provide addi- 
tional forward thrust although these nozzles may be 
simultaneously and/or differentially adjusted or con- 
6g trolled to assist in directional control of the aircraft. 

_ It is believed that the operation and features of the 
aircraft of this invention will be apparent from the fore- 
going description. It will be seen that the circular plan- 
form-bi-convex aircraft body 10 is a rigid, strong struc- 
70 ture particularly resistant to bending and torsional loads. 
The body 10 being circular permits substantially uniform 
weight distribution over its lifting surfaces and a good 
distribution of landing forces. The spherical convex 
upper and lower surfaces 13 and 14 joined at the circular 
75 leading-trailing edge 11 are especially structurally ef- 



3,068,890 


II 

ficient in carrying the internal loads, the cabin air pres- 
sures, and the body 10 being circular allows for the dis- 
position of the useful loads and fuel loads in concentric 
or balanced relation to the C.G. and geometrical center 
of the structure. Since the aircraft is devoid of wings, 5 
and empennage, etc. and since it has a simple regular 
configuration so that many of its parts may be similar 
or identical in size, and shape, the body 10 and the over- 
all aircraft is inexpensive to manufacture and maintain. 

The aircraft is aerodynamically efficient, having an ex- 10 
cellent L/D ratio and because it presents a substantially 
continuous unbroken peripheral edge 11 and a smooth 
profile, it offers a minimum of skin friction drag. The 
portions 15 and 16 extending diametrically fore and aft 
provide a rib which serves as a vertical stabilizer and de- 15 
fine a region which contains the main propulsive elements 
of the aircraft. This diametric fore and aft thin plate 
airfoil region has the added function of assisting in pro- 
ducing aerodynamic lift with a minimum of drag. It will 
be observed that the elements of the propulsive system are 20 
arranged or located so that their high velocity rotating 
members will not endanger either the aircraft or its oc- 
cupants in the event of operational failure. The internal 
compartmentation of the circular plan-form aircraft, as 
above described, provides for effective protected pas- 25 
senger compartments as well as extensive cargo and fuel 
cells or spaces. The circular bulkhead 17, together with 
the spaced radial dividers or baffles of the outer compart- 
ments or fuel compartments are secured together and to 
the upper and lower skins 13 and 14 to constitute a 30 
strong rigid airframe. 

Having described only typical forms of the invention I 
do not wish to be limited to the specific details herein 
set forth, but wish to reserve to myself any variations 
or modifications that may appear to those skilled in the 35 
art and fall within the scope of the following claims. 

I claim: 

1. In an aircraft; an aircraft body of circular plan- 
form having convex spheroidal upper and lower sides and 
including a fore and aft relatively flat airfoil section sub- 40 
stantiaily diametric and parallel to the direction of hori- 
zontal flight. 

2. In an aircraft the combination of; an aircraft body 
of circular plan-form and including a convex spheroidal 
upper skin, a lower skin, the body having a fore and aft 45 
duct substantially diametric and parallel to the direc- 
tion of horizontal flight extending therethrough, and 
propulsive means in the duct for propelling the aircraft. 

3. In an aircraft the combination of; an aircraft body 

of circular plan-form and including a convex spheroidal 50 
upper skin, a lower skin, the body having a fore and aft 
propulsive jet duct substantially diametric and parallel 
to the direction of horizontal flight extending therethrough, 
propulsive means in the duct, and means carried by the 
body external of the duct for driving the propulsive 55 
means. 

4. In an aircraft the combination of; an aircraft body 
of substantially circular plan-form including a convex 
upper skin, a lower skin, and a substantially circular mar- 
ginal edge connecting the skins, fuel consuming propul- gg 
sion means in the body, circular bulkhead means in the 
body substantially concentric with said edge and spaced 
therefrom, the bulkhead means extending between the 
upper and lower skins and together with the skins defining 
cells for containing fuel for the propulsion means, said gg 
cells being at the outer side of the bulkhead means, and 
pay load compartments within the circular bulkhead 
means. 

5. In an aircraft the combination of; an aircraft body 

of substantially circular plan-form including a convex 7c 
upper skin, a lower skin, and a substantially circular mar- 
ginal edge connecting the skins, fuel consuming propul- 
sion means in the body, circular bulkhead means in the 
body substantially concentric with said edge , and spaced 
therefrom, the bulkhead means extending between the 7 e 
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upper and lower skins and together with the skins defining 
cells for containing fuel for the propulsion means, said 
cells being at the outer side of the bulkhead means, and 
pay load compartment means defined by the two skins and 
the inner side of the circular bulkhead means. 

6. In an aircraft having fuel consuming propulsion 
means the combination of; an aircraft body of substan- 
tially circular plan-form carrying the propulsion means 
and including a convex generally spheroidal upper skin, 
a lower skin, and a substantially circular marginal edge 
connecting the skins, circular bulkhead means in the body 
substantially concentric with said edge and spaced there- 
from, the bulkhead means extending between the upper 
and lower skins and together with the skins defining 
cells for containing fuel for the propulsion means, and 
spaced reinforcing bulkheads in the cells substantially con- 
centric with said edge and connecting the upper and lower 
skins. 

7. In an aircraft having fuel consuming propulsion 
means the combination of; an aircraft body of substantial- 
ly circular plan-form carrying the propulsion means and 
including upper and lower skins, and a substantially cir- 
cular marginal edge connecting the skins, circular bulk- 
head means in the body substantially concentric with 
said edge and spaced therefrom, the bulkhead means ex- 
tending between the upper and lower skins and together 
with the skins defining cells for containing fuel for the 
propulsion means, said cells being at the outer side oi 
the bulkhead means, and circumferentially spaced bulk- 
heads in the cells extending substantially radially with 
respect to the axis of curvature of said edge and secured 
to the upper and lower skins to strengthen the body. 

8. In an aircraft having fuel consuming propulsion 
means the combination of; an aircraft body of substan- 
tially circular plan-form carrying the propulsion means 
and including upper and lower skins, and a substantially 
circular marginal edge connecting the skins, circular bulk- 
head means in the body substantially concentric with 
said edge and spaced therefrom, the bulkhead means 
extending between the upper and lower skins and to- 
gether with the skins defining cells for containing fuel for 
the propulsion means, said cells being at the outer side 
of the bulkhead means, spaced bulkheads in the cells 
curved substantially concentric with the axis of curvature 
of said edge, and spaced bulkheads in the cells extending 
radially with respect to said axis, the first and second 
mentioned bulkheads being secured to the skins to 
strengthen the body. 

9. In an aircraft having propulsive means; an aircraft 
body of circular plan-form and having convex generally 
spheroidal upper and lower sides, the body including a 
diametric portion extending fore and aft and presenting 
generally flat upper and lower external surfaces to con- 
stitute a flat airfoil, said diametric portion containing said 
propulsive means. 

10. In an aircraft; an aircraft body of circular plan- 
form and having convex spheroidal upper and lower 
sides, the body including a portion extending fore and aft 
and presenting generally flat upper and lower external 
surfaces to constitute a flat airfoil, and a propulsive air 
duct system extending through said portion from the for- 
ward end to the aft end of the body. 

11. In an aircraft having propulsive means producing 
a propulsive air stream; an aircraft body of circular plan- 
form and having convex spheroidal upper and lower sides, 
the body including a diametric portion extending fore and 
aft and presenting generally flat upper and lower external 
surfaces to constitute a flat airfoil, an air duct extend- 
ing through said portion from the forward end to the 
aft end of the body to carry said propulsive airstream, 

1 and a propulsive nozzle at the aft end of the duct for dis- 
charging the stream as a propulsive jet. 

12. In an aircraft; an aircraft body of circular plan-form 
and having convex spheroidal upper and lower sides, the 
body including a diametric portion extending fore and aft 

; and presenting generally flat upper and lower external sur- 
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faces to constitute a flat airfoil, an air duct extending 
through said portion from the forward end to the aft end 
of the body, a horizontally elongated ram inlet at the for- 
ward end of the duct, means for propelling an air stream 
aft through the duct, and a horizontally elongated propul- 5 
sive discharge nozzle at the aft end of the duct. 

13. In an aircraft the combination of; an aircraft body 
of circular plan-form having a convex upper side and a 
lower side, a duct extending fore and aft through the body 
from its leading edge to its trailing edge, a variable area jq 
ram inlet at the forward end of the duct, a variable area 
propulsive nozzle at the aft end of the duct, and propul- 
sive means in the duct operable to further compress the 
ram-compressed air flowing aft through the duct. 

14. In an aircraft the combination of; an aircraft body jg 
of circular plan-form having a convex upper side, a lower 
side, a duct _ extending fore and aft through the body 
from its leading edge to its trailing edge, a variable area 
ram inlet at the forward end of the duct, a variable area 
propulsive nozzle at the aft end of the duct, and power- 2 n 
plant means in the duct for adding propulsive energy to 
the ram-compressed air flowing aft through the duct. 

15. In an aircraft the combination of; an aircraft body 
of circular plan-form having a convex upper side, a lower 
side, and a straight through duct extending fore and aft 
through the body from its leading edge to its trailing edge 
having a variable area propulsive nozzle at its aft end. 

16. In an aircraft the combination of; an aircraft body 
of circular plan-form having a convex upper side, a lower 
side, a duct extending fore and aft through the body from 

its leading edge to its trailing edge, a variable area ram M 
inlet at the forward end of the duct, a variable area propul- 
sive nozzle at the aft end of the duct, compressor means 
operable in the duct to further compress the ram-com- 
pressed air flowing therethrough, and turbo-jet engines on „ r 
the body spaced outboard from the duct for driving the 
compressor means. 

17. In an aircraft the combination of; an aircraft body 
of circular plan-form having a convex upper side, a lower 
side, a duct extending fore and aft through the body , n 
from its leading edge to its trailing edge, a variable ram 
inlet at the forward end of the duct, compressor means 
operable in the duct to further compress the ram-com- 
pressed air flowing therethrough, and turbo-jet power- 
plants on the body above and below the duct for driving .. 
the compressor means. 

18. In an aircraft the combination of; an aircraft body 
of circular plan-form having upper and lower sides, a 
duct extending fore and aft through the body from its 
leading edge to its trailing edge, a variable area ram 
inlet at the forward end of the duct, a variable area propul- 
sive nozzle at the aft end of the duct, means operable in 
the duct to further compress the ram-compressed air 
flowing therethrough, and engines on the outboard margins 
of the circular body for driving said means. 

19. In an aircraft; an aircraft body of circular plan- 85 
form having convex upper and lower skins, a propulsive 
air duct extending fore and aft through the medial region 

of the body having a ram inlet at its forward end and a 
propulsive nozzle at its aft end, a circular bulkhead in the 
body extending between and connected with the skins to 60 
reinforce the body, the bulkhead defining the outer walls 
of central region passenger compartments, there being 
storage compartments in the body between its periphery 
and the bulkhead. 
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20. An aircraft including an aircraft body of substan- 
tially circular plan-form and having upper and lower sides, 
bulkhead means in the body curved about the central 
vertical axis of the body and extending between its upper 
and lower sides, passenger and payload compartments 
within the bulkhead means, a propulsive ram air duct ex- 
tending fore and aft through the body having a ram inlet 
at its forward end and a propulsive nozzle at its aft end, 
a relatively low velocity propulsive means operable in the 
duct, and powerplants in the body spaced above and below 
the duct for driving the propulsive means, said power- 
plants being in planes spaced above and below the plane 
of said compartments. 

21. In an aircraft; an aircraft body of circular plan- 
form having upper and lower skins, a propulsive air duct 
extending fore and aft through the medial region of the 
body having a ram inlet at its forward end and a propul- 
sive nozzle at its aft end, and a circular bulkhead in the 
body extending between and connected with the skins to 
reinforce the body, the bulkhead defining the outer walls 
of central region passenger compartments, there being 
storage compartments in the body between its periphery 
and the bulkhead, the bulkhead being arcuate in vertical 
cross section and arranged v/ith its convex side facing to- 
ward the periphery of the circular body. 

2,2. In an aircraft the combination of; an aircraft body 
of substantially circular plan-form having convex upper 
and lower surfaces, bulkhead means in the body defining 
large volume storage compartments in the major peripheral 
regions of the body for containing low boiling point fuel 
and also defining passenger compartments in the central 
region of the body encircled by the storage compartments 
to be protected against aerodynamically induced high 
temperatures by the stored fuel, and a propulsive system 
for propelling the craft consuming said fuel. 
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